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ABSTRACT

We report the results of similtaneous Chandre and RXTE observations
of the Seyfert 1 galaxy Mkn 509. \We deconvolve the broad and narrow Fe-K
emission-line compouents, for which we measure rest-frame equivalent widths
of 119+ 18 eV and 57 + 13 eV ruspuctively. The broad line has a FWHM of
57,6003}1:388 km/s and the narrow line is unresolved, with an upper limit on
the FWHM of 4,940 km/s. Both components must originate in cool matter
since we measure rest-frame center energies of 6.3670 1 ke\" and 6.42 + 0.01
keV for the broad and narrow line respectively. This rules out He-like and
H-like Fe for the origin of hoth the broad and narrow lines. If, as is widely
accepted, the broad Fe-K line originates in Thomson-thick matter (such as
an accretion disk), then one expects to observe spectral curvature above
~ 10 keV, (commensurate with the observed broad line). characteristic of the
Compton-reflection continuum. However, our data sets very stringent limits
on deviations of the observed contiuunm from a power law. Light travel-time
delays cannot be invoked to explain anomalies in the relative strengths of the
broad Fe-K line and Compton-reflection continuum since they are supposed to
originate in the same physical location. We are forced to conclude that both the
broad and narrow Fe-K lines had (o originate in Thomsou-thin matter during
our observation. This result. for o single observation of just one source, means
that our understanding of Fe-IX fine emission and Compton reflection from
accreting X-ray sources i general teeds to be re-examined. For example, if an
irradiated accretion disk existed 1u Mkn 509 at the time of the observations, the
lack of spectral curvature above - 10 keV suggests two possibilities. Either the
disk was Thomson-thick and highly ionized, having negligible Fe-K line emission

and photoelectric absorption. or the disk was Thomson-thin, producing some
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or all of the broad Fe-IX line emission. In 1. former case the broad Fe-K line
had to have been produced in a Thomson-thi: reaion elsewhere. In both cases
the predicted spectral curvature above ~ [t -\ is negligible. An additional
implication of our results is that any putative ohscuring torus in the system,
required by unification models of active galaxics. must also be Thomson-thin.
The same applies to the optical broad line region (BLR) if it has a substantial

covering factor.

Subject headings: accretion disks — galaxies: active - galaxies: individual:

Mkn 509 - X-rays: galaxies  N-ravs: binaries
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1. INTRODUCTION

It is now widely accepted that the hardening above ~ 10 ke\" commonly observed in the
X-ray spectra of accretion-driven sources (active galactic nuclei (AGN), and X-ray binary
systems) is due to Compton reflection of the primary X-ray continium in a Thomson-thick
accretion disk (e.g. Guilbert & Rees. 1988: Lightman & White 1998; Pounds et al. 1990:
Zdziarski, Lubinski, & Smith 1999). This basic picture is very attractive because it produces
Fe-K fluorescence (c.g. George & Fabian 1991) so that the model can simultaneously
account for the Compton-reflection contimmum (CR), and the broad Fe-K lines in AGN
(Nandra et al. 1997; Fabian et al. 2000: Yaqoob et al. 2002). In fact, from basic physics,
if one observes a certain amount of Fe-K line emission, one should observe a corresponding
CR whose amplitude relative to the direct N-ray continuum is commensurate with the Fe-K
line emission. The precise relation hetween the Fe-K line and CR depends on physical
parameters (Fe abundance, ionization state ete.) but the relationship is fixed by physics

since the line and CR photons originate in the same physical location.

In this paper we report the results ol a simultaneous Chandra /| RXTE observation of
Mkn 509 in which the CR was abseut. and yvet a broad Fe-K line from cool material was
present with an equivalent width of 119 4+ 18 eV. This result from a single observation of
one source is important because it questions the above model, and forces us to re-examine
our understanding of the Fe-K line and 'R in all accreting N-rayv sources. The paper is
organized as follows. The data are des1ihed in §2 and spectral fitting results given in §3.
In §4 we discuss possible explanations (or the lack of spectral enrvature in the hard X-ray
spectrum and show that all of them we problematic. After discussing some results from
historical X-ray observatious in §5, we are lead to the inference. discussed in §6, that both
the broad and narrow Fe-I emission lines in Mkn 509 during onr observations must have

originated in cool, Thomson-thin marter. Onr conclusions are slunmarized in §7.



2. CHANDRA ANl I'XTE DATA

Mkn 509 is a bright. variable Seyfert | aoxv (z = 0.034397,

Lo 10 kev ~ 2 — 4 x 10%Mergs/s). We observed Min 509 with the Chandra HETGS

on 2001 April 13-14, simultancously with RXTE. The Chandra data were reduced in the
manner described in Yaqoob et al. 2001, except that CALDB version 2.7 was used and the
data reprocessed using ciao 2.1.37. The RXTE 2C'.\ data were reduced using methods
described in Weaver, Krolik. & Pier (1998), except that we used a later version of the
spectral response matrix (V' 7.10) and background maodel (‘L7.240_FAINT’). Only data
from layer 1 and from PCU 2. 3 and 4 were used (1'C'U0 has had technical problems in
the later part of the mission and PCUL was off). Note that cross-calibration studies show
that in the 2-10 keV band PCA fluxes are systenatically at least 20% higher than ASCA

whereas ASCA and BeppoSAX fluxes agree to a fow percent ®.

We examined lightcurves from the RXTE ol «.vation (beginning 2001 April 13 UT
04 50:07, with a total duration of 121 ks), and the (handra observation (beginuing at
UT 2001 April 13 UT 08 01:31, with a total duration of ~ 59 ks). Only the summed,
negative and positive first order Chandra grating speciva were used inour analysis. The
mean Chandra total HEG and MEG count rates were 0.2134 + 0.0015 and 0.4813 £ 0.0022
cts/s respectively. For the PCA, the mean, backgronud-subtracted 2-10 keV and 2-20 keV
count rates were 4.71 + 0.01 and 5.77 £ 0.01 ct/s respectively. The source flux showed little
variability over the entirc duration of the campaien. For example, for HEG plus MEG
lightcurves binned at 1021 s, the excess variance above the expectation for Poisson noise

(e.g. see Turner ef al. 1999) was (=0.8 £3.7) x tu ' consistent with zero. HEG. MEG

Thttp://asc.harvard.edu/ciao2.1/documents_thieads html
8ASCA GOF calibration memo at

http://heasarc.gsfe.nasa.gov/docs/asca/calibration /e 273 results. html



and PCA spectra were therefore extracted over the entire on-rime for each instrument,
combining the PCA data tor the three PCUs. This resulted in net exposure times of 57,950

s for HEG and MEG, and 80,624 s tor the PCA.

3. SPECTRAL FITTING RESULTS

Whenever the Chandra data were Htied without the PCA data, we were able to use the
C-statistic and over-sample the speciral vesolution of the grating data. However, whenever
the Chandra data were fitted together with the PCA. the grating data had to be binned in
order to use the x? statistic. To this cud. the HEG and MEG spectra were binned with a
constant wavelength width of 0.02.4 and 0.04A respectively. This resulted in spectra with
at least 20 counts per bin in the energy ranges 1.3-7.2 keV' and 0.64-6.9 keV for HEG
and MEG respectively. Therefore. in ovder to use the ? statistic for spectral fitting, we
ignored data above 6.9 ke\" in both HEG and MEG. Since we will not be concerned with
the soft X-ray spectra in this paper. ouly HEG and MEG data in the 2-6.9 keV band were
utilized. Note that at 6.4 keV, the FWHMI spectral resolution of the HEG and MEG is 39.6
eV (0.0124, ~ 1,860 km/s) and 76.0 ¢\ (0.023A4, ~ 3,560 km/s) respectively. The PCA
spectra were used only up to 19 keV. this upper limit determined by the signal-to-noise
and background-subtraction systematics. In the remainder of the paper, unless otherwise
stated, we shall give model parametovs recrred to the rest frame of Mkn 509, and statistical
errors (as well as lower and upper funiis) will be given for 90% contidence for one interesting

parameter.

Fig. 1 shows the ratio of the HEG data to a simple power-law model fitted over the
2-5 keV band and then extrapolated to higher energies. Also shown in Fig. 1 is the ratio
of 3-19 keV PCA data to a simple power law model fitted over the 3-4 keV and 8-19 keV

bands. It can be seen that the HEG clearly reveals a narrow Fe-IX emission-line component,
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centered at ~ 6.4 keV, extending over ~ 0.2 keV' . cnergy. This line is also detected in
the MEG. but at that encreyv the effective arca. 5 tral resolution, and signal-to-noise
are substantially worse than the HEG. Fitting (b1 data only. with a power-law plus
Gaussian emission line gave an upper limit of ¢ - 15 ¢\ (or 4910 km/s FWHM) for the
narrow line. The intensity and energy of the line were allowed to float in the spectral fit
but better constraints on these parameters will be derived from joint Chandra and RXTE
spectral fits, described below. Since the narrow line is not resolved, its width was fixed at
o =1 eV in all subsequent spectral fitting. In contrast to HETGS, Fig. 1 shows that the
PCA detects a much broader Fe-K line, with a base extending over ~ 3 keV, nearly three
times the FWHM of the PCA energy resolution a6 ke\'. Moreover, Fig. 1 shows that there
is no complexity in the continuum above ~ 10 ke\". Tu fact, a power law fitted to the HEG
and MEG data, extrapolated up to 19 keV gives an excellent fit to the PCA data above 8

keV, after fitting onlv for the cross-instrument nociaiization factor.

Full spectral fitting of the HEG. MEG, and [* " data with a power law, two Gaussians
(line energies, intensitics. and the broad-line wictl iee), plus a Compton-reflection
continuum (CR) from newtral matter (PEXRAV i N1 1CL with the disk inclination angle
initially fixed at 30°), shows that the covering factor. [iLis consistent with zero. Here R
is the fraction of 27 steradians subtended by the slah at the X-ray source. Fig. 2 shows
confidence contours of R versus the width of the broud Fe-IK line. This shows that the upper
limit on R is very small: 77 < 0.11 at 99% confideuce 1or two parameters. A larger disk
inclination does of course allow a larger upper limit on 1 (but still gives a best-fit of Zero).
However, then the predicted equivalent width (W) of the broad line diminishes, but as we
shall see below, the EW is already severely under-predicted even for an inclination angle of
zero. We note that Fig. 2 also shows that RXTE wcinally resolves the broad Fe-K line (in

this fit. @ > 0.15 keV. or FWHM > 16,630 kin/= . 49924 confidence. two parameters).
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Having established that the data do not require any CR. we proceeded to find the
best-fitting parameters and constrart: on the Fe-I lines by repeating the above fits with
only a simple power law plus two Cavssians. Fig. 3 shows the best-fitting model, along
with the HEG, MEG, and PCA ratios of data to this best-fitting model. An excellent fit
was obtained, with x? = 330.8 (355 degrecs of freedom). We denote the center energy,
Gaussian width, and emission-line intensitv by E,, 0. and [ respectively. The results are
given in Table 1. We obtained, for tiv arrow line (o fixed at 1 eV): E. = 6.42 + 0.01
keV, EW =57+ 13 eV, and I = 5.7+ 1.8 x 107" photons cu? s™'. For the broad
line, we obtained: E, = 6.367)15 ke\'. 117 = 119 £ 18 eV, 0 = 0.527517 keV (FWHM
= 57, 6003}1:388 km/s), and I = 7.6 + 1.1 x 107° photons cm™2 s~!. We obtained a 2-10
keV flux of 5.1 x 107" ergs cm™ s~' (observed frame, using the average best-fitting HEG
and MEG normalization), which is about the historical average for Mkn 509 (e.g. Turner &
Pounds 1989; Weaver, Gelbord, & Yaqgooh 2001). This corresponds to a source-frame 2-10
keV luminosity of 2.7 x 10" ergs s=" (/7. = 50 ki s™' Mpe~'. ¢, = 0). For the measured
values of I and equivalent width ol the inroad Fe-K line (see Table 1), even the 99%.
two-parameter upper limit on the amplitude of the CR is too small by a factor of seven
compared to that expected from the most basic version of the standard model. In that
model the broad Fe-K line and CR orizinate in a neutral, solar abundance. Thomson-thick
reflector subtending 27 solid angle at t1 power-law N-ray continuum source (c.g. see
George & Fabian 1991). Modificati-ww 0 the basic model; as well as possible alternatives

for explaining the observational resnlt: il be discussed in §4 and §6.

The inset in Fig. 3 shows confidence contours for the intensities of the narrow and
broad Fe-K lines. Clearly. Chandra/ and RXTE together deconvolve the narrow and broad
Fe-K line components. The center cuergies of both lines indicate an origin in cool material,
certainly ruling out emission from He-iile or H-like Fe. It is unlikely that the narrow Fe-IK

line is really part of a single, broad reiarivistic disk-line profile: we find that the disk
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inclination angle is highly constrained (< 10°) and the vadial emissivity of the disk must be

very flat to increase the weighting from the onter s of the disk. A detailed discussion
of these effects can be found in Yaqoob of wio (o vho found similar results for the

Seyfert 1 galaxy NGC 5518.

4. POSSIBLE EXPLANATIONS FOR THE LACK OF SPECTRAL
CURVATURE

Whilst light travel-time delays can be invoked 1 e plain anomalies in the amplitude of
the Compton-reflection continuum (CR) relative 1o the divect NX-ray continuum. the same
cannot be done for anomalies between the relative strengths of the CR and broad Fe-K line.
This is because both the CR and broad Fe-K line arve supposed to originate in the same
physical location. In the vemainder of this section v discuss possible explanations of the

lack of CR in the 2001 C(handra / RXTE observarions of Mkn 509.

It is well known that an Neray power-liow i plus a CRis sometimes
indistinguishable from a simple, but fatter power Lov af the data quality is poor. This is
certainly not the case witl our data: even the 90 confidence, two-parameter statistical
errors on I' (1.67) are £0.03. We also quantificd limnits on any spectral curvature in the
data, by fitting a power-law contimuun (plus two Canssians) below 10 keVoonly. We
obtained Ty 1o v = L6710 This is to he compared with Ty g v = 1.67479065 from
§3 (and Table 1). Note that 2 keV refers to the lowest cnergy Chandra data used: PCA
data below 3 keV were not used. Thus. the limits on spectral curvature are very tight, and

the excellent consistency of the two photon indices also gives us confidence that the PCA

background was not over-subtracted (which could veduce the apparent CR).

It is also possible that the intrinsic continnney vas o high-enevgy cutoff in the observed
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energy band, but the CR compensates. piving an observed continuum which has little
curvature. For the power law. double Ciiussian and CR spectral fit (§3), we modified the
intrinsic continuum by an exponential vollover of the form exp (—~E/FEy), and obtained
Ey = 11278* keV. The CR is calculated from the modified continuum in this case.

Confidence contours of R versus E; are shown in Fig. 2 . The best fit still prefers no CR but,
as expected, the upper limit on R is highe (R = 0.00%5 32, 99% confidence, two-parameters).
However, it is highly unlikely for an covonential entoft to exactly compensate for the

spectral curvature due to the CR. especially given the tight limits set by the consistency of

['2_10 kev and T'y_yg pev.

Increasing the Fe abundance is auother way of reducing the spectral curvature
due to Compton reflection. However, direct spectral fitting to the data, with free Fe
abundance in PEXRAV, showed that the 99% confidence, two-parameter lower limit on the
Fe over-abundance is 95 compared 1o solar. This is clearly absurd (we would see other
consequences of such an over-abundance). Tonization also decreases the relative importance
of photoelectric absorption relative to Compton downscattering, reducing the strength of
the ~ 10— 30 keV Compton hump and therefore reducing the apparent value of R. However,
the degree of ionization required by the data is very high and the peak energy of the broad
line rules it out. Smearing, either duc ¢ extreme relativistic etfects or Comptonization,
could reduce the apparent amplitude o vhie CR. However, anv 1vpe of smearing cannot be
more than that suffered by the broad e W line. Direct spectral fitting to the data with
a smeared CR model (refsch in NSPIC') assuming the maximum allowed smearing for a
disk around a Schwarzschild black hole again gave R = 0 and a 99%, two-parameter upper

limit of 0.11.
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5. PREVIOUS OBSERVATIONS OF Mkn 509

ASCA observations found evidence for vaviabi v m the overall Fe-K line profile in
Mkn 509 but conld not separate the hroad and oo components (Weaver et al. 2001).
An XMM-Newton observation in 2000 April (Povico. i «l. 2001) found the source to be
in a low state with a 2- 10 keV flux of ~ 107" ¢ros cin™? s71 (~ 5 times lower than in
our observations). A narrow Fe-K line was fonnd nt ~ 6.4 keV, with an intensity entirely
consistent with that measnred during our Chandra / RN TE observation. On the other hand
the broad line was lower in intensity by about the . factor as the continuum and was

centered at ~ 6.9 keV, indicative of an origin i I like te

We also checked archival RXTE data for Mkn 509 trom 1996 and found R = 0.36 +0.05
(for a 30° disk inclination angle), and a photon index of I' = 1.891 1. For the Fe-K emission
line we measured a center energy, width, intensity, and EW of E. = 6.53 £ 0.05 keV,
o = 0.3072% keV (or FWIIM = 32.30073%50° kan /. 7~ 5.20£0.06x 1075 photons cm ™57,
and EW = 83 + 8 eV respectively. Note that some o cne total Fe-K line may contain a
contribution from the narrow line foruwd by Charor and XMM but RXTE alone cannot
deconvolve the broad and narrow components. Tlits analysis shows that the CR in Mkn 509
is variable, and significant spectral curvature was present in the 1996 RXTE observation,

despite the 2-10 keV flux (5.8 x 107" ergs cin ™« ') being similar to that in the 2001

Chandra /| RXTE observation.

6. DISCUSSION

These results for Mkn 509 are quite profound. The Compton-reflection continuum
(CR) was absent during Chandra / RXTE observations in 2001, vet there was substantial

14,400 ST . ,
broad (FWHM 57, 6()0;;?")”“ km/s) Fe-IS line emission from cool Feo The center energy of a
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narrow, unresolved Fe-K line (FWLHA 10940 kin/s) also indicated that it too originated
in cool matter. If the broad Fe-K line micinated in Thomson-thick matter, where was the
CR that must, from basic physics. accompany the line? We are forced to conclude that the
broad Fe-K line originated in cool, Thoinson-thin matter. If an accretion disk existed in
the system during our observatious. aud it the disk was irradiated by an X-ray continuum
corresponding, at least in spectral shape. 10 the one we measured. then either most of the
disk must have been Thomson-thii. o1 tie disk was Thomson-thick but so heavily ionized
that all Fe (and lighter) atoms were completely stripped. In the latter scenario the CR has
no curvature from photoelectric absorption and any deviations in the CR compared to the
intrinsic continuum are negligible in our energy band (2-19 keV). The fact that Pounds
et al. (2001) observed a broad, H-like Fe-K line component in Mkn 509 lends support

to a high (and by implication, variable) state of ionization of the putative accretion disk.
Indeed, when we fitted the 2001 Chendre / RXTE data with an ionized disk model in which
the CR is determined completely by piosics and cannot be artificially reduced (xion in
XSPEC; see Nayakshin & Kallman 2001 . we found a large region in parameter space which
yielded negligible Fe-K line emission aid continuum curvature. \We were able to obtain fits
to the data with a completely ionized -k plus two Gaussians for the Fe-K lines which
were as good as the fits in which the contimunn was only a simple power law. If the disk
is completely ionized it cannot of course produce any Fe-K line emission and the observed
broad Fe-IX emission line must then b made elsewhere, but still in cool Thomson-thin
matter, So as again not to over-produee spectral curvature due to Compton reflection.
This applies to both the broad and norrow Fe-K lines. In particular, if the obscuring torus
hypothesized to unify type 1 and type 2 AGN exists in Mkn 509 it must be Thomson-thin,
or else so ionized that Fe is fully stripped. In the latter case. the narrow Fe-K line must
be produced elsewhere, such as the B (which must itself be Thomson-thin, if it has a

substantial covering factor).
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For neutral matter with columun density Ny, (11 uuits of 10%* em™?2), a covering factor
f., an Fe abundance relative to solar of Ap.. illiniated isotropically by a power-law
continmum (with photon index T'), the predicted opiivalent widrh of the Fe-K line in the
Thomson-thin limit is EW ~ 97 f.NyyApe €V (.20 Yagoob et al. 2001). Here we have used
the measured value of I' (see Table 1). A sphericid scometry for the line emitter requires a
gas distribution that does not intercept the line-or-<ioht This is because absorption column
densities which are large enough to account for the 1e-IX line emission would extinguish the
soft X-ray spectrum too much and imprint an Fe-iX odge at 7.11 keV, in conflict with the
data. We obtained a direct constraint on the line of-=izht column density of a neutral, solar
abundance absorber of N, < 0.033 (from joint Chandra / RXTE spectral fitting with the
power-law and double Gaussian model, with the addition of an Fe-K edge at 7.11 keV).

Similar constraints are obtained from the soft X-vav spectrum (sce Mckernan et al. 2002).

In a planar geometry. a Thomson-thin matter distribution illuminated isotropically
on both sides by an X-rav source (ecither a disk with a central N-ray source close to the
disk plane, or a coronal source distributed over v disid. has fo ~ 1. However, we must
halve the predicted EW Lecause the continunm frons the other side of the disk would also
penetrate the Thomson-thin disk. For a Thomson-tinck. completely ionized disk, a possible
location for the Thomson-thin. line-producing material is a cool atmosphere over the disk.
In that case, f. ~ 0.5. Thus, in any of the above scenavios, the observed EW of the broad
Fe-K line can be accounted for with solar abundances and N,y ~ 2.5 This corresponds to a
Thomson depth of 0.2, suall cnough that the anivnae of the reflected X-ray continuum
is negligible compared to the direct continnum. s therefore giving negligible spectral

curvature to the observed continuum.

Obviously, all of the above scenarios represent i departure from widely-accepted ideas,

and each also faces various challenges. Our results shonld prompt theoretical investigations,
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(in particular of time-averaged and tinie-variable vertical structure of accretion disks), to see
if they can be understood in detail. Historical observations of Mkn 509 showing significant
variability (for example, the RXTFE dctection of the CR in 1996, and the XMM-Newton
measurement of a broad H-like Fe-Ix line by Pounds et al. 2001), should provide critical

constraints on models.

7. CONCLUSIONS

A simultaneous Chandra HETGS aud RXTE observation of the Seyfert 1 galaxy
Mkn 509 deconvolved the narrow (I"'WHA < 4,940 km/s) and broad (FWHM 57, 60()311;388
km/s) Fe-K emission lines (both centered around ~ 6.4 keV). and found no deviation in
the continuum from a power law out to 19 keV. The lack of spectral curvature due to a
Compton-reflection continuum (CR) then fails to account for the broad Fe-K line in terms
of standard, Thomson-thick accretion-disk models. Such a failure of the standard model for
a single source implies that our understanding of the Fe-K line aud CR in accreting X-ray
sources in general needs (o be re-exanrad. An inescapable conclusion is that both the

broad and narrow Fe-K lines must coine (om cool, Thomson-thin matter, at least during

the 2001 Chandra / RXTE observatiotis.

There are other implications which follow from our results. One is that the lack of
correlation between the broad Fe-Ix line aud the CR in some AGN, which appeared to be
troublesome in the context of standard disk models (c.g. Chiang et al. 2000; Ballantyne,
Ross, & Fabian 2001), should not uew he surprising since some of the broad Fe-K line may
come from Thomson-thin matter. Aunother implication is that models accounting for the
claimed anti-correlation between the cilective covering factor of the CR and the power-law
index of the intrinsic X-rav contimunn (.o, Zdziarski ef al. 1999) must also be able to

account for spectra which show neglicithie spectral curvature. A further corollary of our



findings is that the practice of performing spectral fits to data with the strength of the Fe-K
line and CR tied together on the basis of the standard model is not justified and may lead

to erroneous conclusions.
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instrument and operations teans for making thesc chservations possible and thank Kim

Weaver, Julian Krolik, and Rick Edelson for nusetui aisnessions.



- 16

Table 1. HEG. MEG, PCA Jomnt Spectral Fitting Results for Mkn 509

Parameter Value
x? (degrees of freedom) 330.8 (355)
Photon Index (T) L6747 00
2-10 keV flux 51 x 107 ergs cm =% 7!

Broad Fe-K Line:

Center Energv 6367515 keV

Width (o, F\WVHM) 0.5270:1% keV, 57,6007 100 km/s
0.13 21,000

Intensity 7.6%11 x107° photons em~? 57!

Equivalent Width (EW) 119718 eV

Narrow Fe-K Line: (o fixed at 1 eV’)

Center Energy 6427000 keV

Intensity 35108 x 107" photons cm 2§71

Equivalent Width (EW) ST eV

Velocity FWHM Upper Lt 4,940 kin/s

Note. — Results of fituing the 2.0-6.9 ke\" Chandro HEG, MEG,
and 3-19 ke\" RXTE PCA AMku 509 data with a simple power
law and two Gaussians (thie [atter modeling the complex Fe-K line
emission). All line parameter values are referred to the rest frame
of Mkn 509 (: = 0.0343971. Statistical errors are 90% confidence
for one interesting pararces o (Av? = 2.706). The 2 10 keV flux is

from average HEG and ! < normalization, observed frame.
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Figure Capuions

Figure 1

The ratio of Chandra HEG and RXTE PCA data to o power law fitted in the 2-5 keV
band (HEG) and in the 3 1, 8-19 keV bands (PCAY for Mkn 509 (z = 0.034397). The
HEG bin width is 0.024. The energy scale corréspods to the observed frame. The HEG
shows a sharp, unresolved. narrow Fo-I< line at - 1 "oV source frame. The PCA data
show a broad, resolved, composite Fe-IX line prolite extending over a few keV. The spectral
curvature in the continuum. cliaracteristic of Conipion reflection in neutral, Thomson-thick

matter, is absent. The observed continuum is consisient with a single power law.

Figure 2

Confidence contours from a joint HEG, MEG anid '€\ spectral fit with a power law,
narrow and broad Gaussian Fe-K emission lines. . a Compton-reflection continuum (see
text), showing the effective covering factor of the lister R, versus the broad Fe-K line
Gaussian width. R is a fraction of 27 steradians =olid angle subtended by the reflector at
the X-ray source. The 68%, 90% and 99% confidence contours show that RXTE resolves the
broad line and that no Compton reflection is detected. with a very small upper limit on the
covering factor, R. If the power-law continnum i niodified by an exponential high-energy
roll-over of the form exp i —£/Ey). the upper linee m A s larger (68%, 90%, and 99%
confidence contours of R versus £y are shown in 1 anet). However, it is highly unlikely for
the amount of rollover to exactly compensate for ihe civature due to Compton reflection,
giving a negligible change in power-law slope with cnergy (Fys g ev = 1.67475012 and

Too1o kev = L674F0098) - A1l quantities shown in this ficure refer to the source frame.



Figure 3

Best-fitting power-law (I' = 1.6747 {1 . ind dual Ganssian wodel, simultancously using
HEG (crosses), MEG (open circles). anl "CA data (solid) for Mkn 509. The bottom panel
shows the ratio of data to the best-tittiny model. In the source frame, the best-fitting
narrow Fe-K line parameters are £, = (.42 £ 0.01 keV, EW = 57 £ 13 eV (width, o,
fixed at 1 eV) and the best-fitting broad Fe-K line parameters are £, = 6.3670 15 keV,
EW =119+ 18 eV, 0 = 0.52701] ke\V' (FWHM 57,6007 5000 kmi/s). The inset shows the
68%, 90%, and 99% conficdence conromrs of the intensities of the narrow and broad Fe-K
lines (in units of photons cm™ s™ '), which are deconvolved (see text). The HEG and MEG
bin widths are 0.04A4 and 0.084 respectively (although half these values were used for

spectral fitting). The energy scale corresponds to the observed frame.
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